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1.0 IN[R(. CTION

This is the final report for the contract period from February 1978 to

January 1981.

The authors wish to thank J. E. Litton, R. Lanphere and other members of

the Physical Science Laboratory (PSL), Antenna Technology Section, who contrib-

uted to the work reported herein.

2.0 ANTENNA DEVELOPMENT

2.1 Overview

During the report period several stripline antennas were developed

for large diameter vehicles. All of the antennas have a number of features in

common and in order to avoid repetitive descriptions those features will be

outlined here and the differences will be discussed in the sections pertaining

to the particular antenna models.

The unit element common to all arrays is a stripline slot antenna.

The array is formed by feeding a number of slots with a stripline corporate

harness which terminates at the center junction into an SMIA coaxial launcher.

The constraints on the harness lengths are that the sections between junctions

be multiples of half wavelengths and that the slots be all fed in phase. The

optimum design is the one that meets the above constraints and has a minimum

harness width. The number of arrays used for a particular vehicle is determined

by the vehicle diameter. If more than one array is used the arrays are ied by

coaxial cable from a common junction.

2.2 The Model 55.205 Antenna

The Model 55.205 antenna was designed to be used with a 17.2 inch

diameter vehicle. The antenna is illustrated in Figure 1 through 4. The

total array consists of two eight element and one four element sub-arrays.

The sub-arrays are fed through a printed circuit power divider and coaxial

harness. The power divider was specially designed for this array and carries



the designation PSL PWD 205. The antenna is mounted in a recess of the vehicle

and its surface is flush with the O.D. of the vehicle.

2.3 The Model 55.1405 Antenna

The Model 55.1405 antenna was designed for a 14 inch diameter vehicle.

The antenna is illustrated in Figures 9 and 10. It consists of two subarrays

of 8 elements each. The antenna surface is flush with the O.D. of the vehicle.

2.4 The Model 55.1505 Antenna

fhe Model 55.1505 antenna was designed for a 15 inch diameter. It

is very similar to the model 55.1405 antenna described in Section 2.3, except

that the spacing between unit elements was increased to accommodate the larger

vehicle diameter. Since the spacing was only increased by 0.0381 at 2.25 GHz

it had no significant effect on the radiation pattern.

2.5 The Model 55.2005 Antenna

The Model 55.2005 antenna was designed for a 20 inch diameter vehicle.

The antenna is illustrated in Figure, 21 and 22. Three arrays with eight elements

each are required for the 20 inch diameter vehicle. It should be noted that ini

Figure 24 the Cwo antenna arrays shown at either end of the vehicle extension are

independent antennas that operate at different frequencies.

2.6 The Ten Inch Diameter Sphere

The two antennas were designed for the sphere. The antenna for the

S-Band frequency is the Model 55.511 stripline slot array. The 550 Mhz fre-

quency antenna is a two element array of Model 67.006 printed circuit trans-

mission line antennas. The antennas are mounted on a 9 inch diair-ter cyi nder

which becomes part of the sphere. The spherical surface is obtained by encap-

sulating the antennas in FPH foam. To obtain a smooth surface the toam is filled

with latex paint and is then sprayed with plasite paint. The anteinas ,are illus-

trated in Figures 27 through 30.

2



2.7 The Model 67.004 Antenna

The Model 67.004 antenna is very similar to the Model 67.006 antenna

described in Section 2.6. It differs only in size since it was designed for a

409 MHz operating frequency.

3.0 STRIPLINE ANTENNA FABRICATION PROCEDURE

The procedure for fabrication is the same for all models. After the

harness has been designedthe amberlith master is cut and is used for photo-

etching the printed circuit board. The material used is K-6098 teflon-fiber-

glass, .060 thick, copper-clad board manufactured by the 3M Company. The

slots and the harness are photoetched on opposite sides of the same board which

is then glued to a second board from which the copper has been removed on one

side of the board. During the gluing process, which requires both heat and

pressure, the antenna is also shaped to the approximate vehicle diameter. The

array is then trimmed to the correct dimensions and the holes that constitute

the cavity walls are drilled. The feed connector is attached and the antenna

is copper plated. After the copper plating the antenna receives a preliminary

performance test after which it is nickel plated. The tinal tests are performed

with the antenna mounted on a mockup or flight vehicle extension for impedance

and radiation pattern measurements.
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Figure 4. X-Ray view of the Model 55.205.5 Antenna.



~ ~ - '~ N

<~ \ ' -C'

-o ZTZZ~Z.~ (

'~

-~ N>1:1
3 "&~~:<. <~ -

-C

-I..

~

2, ~ -'-

Ni'

<a." *,,~**.-~v -'

~-. / -.- ~
'\ a>

a"'
~/ V'~~"' 7

.1-, *~,

I



ges

!easurer!ent s. Xan -u- .1



POL AR IZAT CN

N GAIN REF

E9COOR DINAT E
__ -___ - REFERENCE

OTHER AS NOTED
UNDER REMARKS.

FREQIUENCY _ -h 
I B/!

ANTENNA M&Jcl 33. PSLINO 12145 5

REMARKS ::e:i -M int.-nrni



POLAR:ZAT ION

GAIN REF

EG COORDINATE ~~
Edo 902~ REFERENCE

UNDER REMARKS.

/x

REMARKS



Vt

LOS

Ln0



I

0

0
~0
0

0

UN 0

0

0

0

0

U-

~, a

4,.-

t

I



11Z..

4,j r 2



0. 0*

L-.

0.6*0 °

Figure 12. Coordinates for the Model 55.1405 pattern measurements.
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ANTENNAS SHIPPED

Model Vehicle

2.007 A44.6Sl-l ZIP

2.042 FLT #1830.09-1A

2.042 A10.82-1
A10.802-2

2.042 A30.072

2.042 242 MHz

4.003 Aries

4.003 A04.606-1

4.003 TEM-2B A24.609-3

4.003 A24.651-1

4.003 A24.7S2-2

4.003 44.28" Diameter

6.010 A04.606-1

6.017 MSMP/SPICE Drop Test

6.017 A24.7S2-2 FRISSE

6.017 44.28" Diameter

6.060 FLT #1830.09-IA

6.060 FLT #A07.712-2

6.060 FLT #AI0.802-I

#AI0.802-2

6.060 A30.072

6.060 AI0.901-1
A10.901-2

6.060 AI2.9A2

6.060 AII.074

6.060 A30.073
C-I



ANTENNAS SHIPPED

Model Vehicle

6.060 A13.020

6.060 A13.030

6.060 A13.031

6.060 A10.903

7.015 A44.6SI-1 ZIP

7.015 A24.651-1

7.015 A24.7S2-2

7.015 44.28" Diameter

7.016 A08.708-1
A08. 708-2

7.016 A31.702

7.016 A08.705-2

7.016 A18.805

23.020 A08-708-1
A08.708-2

23.020 FLT #1830.09-1A

23.020 FLT #A07.7]2-2

23.020 FLT #A10.802-1
#A10.802-2

23.020 A12.9A2

23.020 A18.805

23.020 A11.074

23.020 A30,072

23.020 550 MHz

23.020 A30,073

23.020 A13.020

2:3.020 A13.030

C -2



ANTENNAS SHIPPED

Model Vehicle

23.020 A13.031

23.020 A10.903

23.021 A44.6S1-1 ZIP

39.003 Aries X-Band

39.003 TEM-2B A24.609-3

55.205 A31. 702

55.205 A18.805

55.205 A30.072

55.205 A30.703

55.380 A24. 752-1

55.380 IRBS

55.380 A24.651-1 ZIP-I

55.380 A24.7S2-2 FIRSSE

55.:385 ARIES

55.385 TEM-2B A24.609-3

55. 385T

55.455 FLT Housings

55.455 A10 .802-1
A 10.802-2

55.455 RADC-5

55.455 RADC-6
RADC-7

55.505 A 10.903

55.1110 ACIS

55.510C 10" SphereI _



ANTENNAS SHIPPED

Model Vehicle

55.510C 10" Sphere

55.511 A08.706-2, 10" Sphere

55.511 10" Sphere

55.511 10" Sphere

55.511 AC-15

55.511 AC-14 A10.903, 2269.5 MHz

55. 805 A08.708-1
A08. 708-2

55.805 A08.705-2

55.805 All. 074

55.805 A10.901-1
A10.901-2

55.805 A13.020

55.1405 A13.030

55.1405 A13.031

55.2005 A44.6S1-1 ZIP

67.006 AC14, A10.903, 10" Sphere,t
550 MHz
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CUMULATIVE INDEX FOR THE QUARTERLY PROGRESS REPORTS

QUARTERLY

Report No.

Mod. 55.380 for SPICE and IRBS

Unit radiator investigation

Printed circuit dipole investigation

2 Mod. 55.380 for IRBS

Models 55.205 and 55.605

Model 38.031 for the Finch. dia. sphere

Layout for a 10 inch dia. sphere

Unit radiator investigation

Printed circuit dipole investigation.

3 Models 55.205 and 55.605

Models 55.455 and 55.511

Unit radiator investigation

MSMP-2 Measurements

Printed circuit dipole investigation

4 Model 55.205

Model 55.1505

Model 55.2005

Unit radiator investigation

5 Model 55.205

Model 55.2005

Model 55.455

Model 55.1505

MSMP/SPICE Drop Test

6 Model 55.2005

Model 55.1505

Model 55.205

Unit radiator investigation
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7 Model 55.1705

Model 67.005

Aries X-Band Tracker

Unit radiator investigation

Printed Circuit Antenna Workshop

Model 55.1705

Model 55.1405

Model 67.004

Model PD380 power dividers

MSMP Program (TEM-2B)

Unit radiator investigation

Model 55.1405

Model 55.1505
Model 67.006

MSMP,TECOM Model 106002

MSMP-2

10 Model 55.1405

Model 55.1505

Model 67,00b

11 Model 55.1405

Model 55.1505

Model 67.006

Vehicle No. A31.701

Vehicle No. 10.093

Vehicle No. Al .030

Vehicle No. Al1.031

12 Aries Vehicle

Vehicle N, A10.90

Sphere AC-14
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